Background Routine closure of mesenteric defects is generally considered standard part of laparoscopic gastric bypass surgery today. Controversy still exists regarding the optimal method for mesenteric defects closure. The objective was to compare different methods for mesenteric defects handling in laparoscopic gastric bypass surgery. Methods Primary laparoscopic gastric bypass procedures from 2010 until 2015 reported to the Scandinavian Obesity Surgery Registry (SOReg), where the mesenteric defects closure method was identifiable, were included. Main outcome measures were serious postoperative complication within 30 days after surgery, and reoperation for small bowel obstruction within 5 years after surgery. Quality-of-life before and after surgery, duration of surgery, and risk factors for complication were also analyzed. Information on operation for small bowel obstruction was based on data from the SOReg, the Swedish National Patient Register and reviews of hospital charts. Results In all, 34,707 patients were included. Serious postoperative complication occurred in 174 (2.9%) patients with sutures, in 592 (3.1%, adjusted p = 0.079) with clips, and 278 (3.1%; adjusted p = 0.658) in the non-closure group. Reoperation for small bowel obstruction within 5 years after surgery was lower with sutures (cumulative incidence 6.9%) and clips (cumulative incidence 7.3%; adjusted HR 1.16, 95% CI 1.02-1.32, p = 0.026), compared to non-closure (cumulative incidence 11.2%; adjusted HR 1.63, 95% CI 1.44-1.84, p < 0.0001). Conclusion Closure of the mesenteric defects using either non-absorbable metal clips or non-absorbable running sutures is a safe and effective measure to reduce the risk for small bowel obstruction after laparoscopic gastric bypass surgery. Sutures appear slightly more effective and should remain gold standard for mesenteric defects closure.
Background
The excellent long-term results of gastric bypass surgery [1] together with the low risk for postoperative complication using the laparoscopic technique [2, 3] has made way for the enormous expansion of laparoscopic gastric bypass surgery over the last two decades [4] . During the same period of time, small bowel obstruction due to internal hernia following surgery has increased dramatically [5] with potentially devastating consequences for the patient [6, 7] . Closure of the mesenteric defects reduces the risk for small bowel obstruction [8] and is now an accepted part of any laparoscopic gastric bypass procedure in many parts of the world. Several methods are available for mesenteric defects closure. Nonabsorbable sutures have the highest tensile strength [9] and best scientific documentation [10] , but surgeons are sometimes discouraged by the technical challenge of the technique and the risk for kinking of the jejunojejunostomy resulting in small bowel obstruction in the early postoperative phase [10] . A technique using metal clips is potentially easier to learn and master, and is gaining increasing popularity. To date, no large trial comparing these two methods has been conducted.
The aim of the present study was to compare closure of the mesenteric defects with sutures, metal clips or nonclosure, based on the hypothesis that there is no difference between sutures and clips, and that the risk for small bowel obstruction is reduced with both methods compared to non-closure.
Methods
The Scandinavian Obesity Surgery Registry (SOReg) is a national quality and research registry covering virtually all bariatric surgical procedures in Sweden from 2010 onwards [11] . From the SOReg database, all patients operated with a primary laparoscopic gastric bypass procedure between January 1, 2010 and December 31, 2015 were assessed for eligibility. Retrocolic gastric bypass procedures, unclear or mixed methods for mesenteric defects closure, closure of only one mesenteric defect, or conversion to open surgery were considered exclusion criteria. Baseline characteristics, early postoperative complication and quality-of-life were based on SOReg data. Data on operations for small bowel obstruction were based on data from the SOReg, and the Swedish National Patient Register (NPR). Data on reoperations were available from the NPR until December 31, 2015. A diagnosis of small bowel obstruction (ICD-10 codes K45.0, K45.1, K56, and K91.3) with a related, relevant abdominal operation was considered surgery for small bowel obstruction. All charts for patients with a diagnosis of K45.8 (other specified abdominal hernia without obstruction) or with any uncertainty in the registration in SOReg or NPR were reviewed. Small bowel obstruction was then defined as acute presentation of abdominal pain with objective finding of bowel obstruction at surgery [8, 10] .
Outcome
Main outcomes were serious complication within 30 days after surgery, and operation for small bowel obstruction within 5 years after surgery. Secondary outcomes were duration of surgery and quality-of-life.
Procedures
The technique for laparoscopic gastric bypass in Sweden is well standardized, using an antecolic, antegastric laparoscopic gastric bypass procedure [12] . The techniques for mesenteric defects closure with sutures (videos available at: https://s3m. io/yZTGe and https://s3m.io/RcFQy) [10] , and clips [13] have been described previously.
Definitions
The Clavien-Dindo classification [14] was used to classify postoperative complications. Complications scoring ≥ 3b on the Clavien-Dindo scale (i.e., complications requiring intervention under general anesthesia, resulting in organ failure or mortality) were considered serious postoperative complications.
Quality-of-life at baseline and 2 years after surgery was estimated using the obesity problem scale (OP) and the bodily pain dimension from the short form-36 (SF-36RAND). OP is a disease-specific scale measuring the impact of obesity on psychosocial functioning, reporting aggregate scores from 0 to 100, with lower scores representing better well being [15] . The bodily pain dimension on the SF-36RAND is also reported as a score from 0 to 100, with higher scoring representing better well being [16] . Comorbidity was defined as a specific obesity-related condition requiring pharmacological treatment or continuous positive airway pressure treatment.
Statistics
Mesenteric defects closure with sutures was considered reference method. Continuous variables were analyzed using linear regression, categorical variables with logistic regression. For serious postoperative complication, odds ratios (OR) with 95% confidence intervals (95% CI) were reported as measures of association. The risk for reoperation due to small bowel obstruction within 5 years after surgery was estimated and visualized using the Kaplan-Meier method and presented as cumulative probability (1-Kaplan-Meier estimate). All patients were followed until first reoperation due to small bowel obstruction, and censored if the mesenteric defects were closed during any operation, at last known follow-up, at 5 years or December 31, 2015. Cox regression was used to calculate Hazard ratios (HR) with 95% CI for this outcome. Odds ratios and Hazard ratios were analyzed unadjusted and adjusted for year of surgery, age, sex, body mass index (BMI), and specified comorbidities. Abdominal operations for any cause were estimated using the Kaplan-Meier method and unadjusted Cox regression. Quality-of-life was analyzed as difference between baseline value and reported estimate at 2 years using linear regression unadjusted (adjusted for baseline value), and adjusted for baseline value, age, sex, percentage excess BMI-loss at 2 years after surgery, and specified comorbidities. P < 0.05 was considered statistically significant. All data were analyzed using SPSS Statistics version 22.
Results
A total of 38,078 patients operated with a primary laparoscopic gastric bypass procedure during the inclusion period were identified. After exclusion of retrocolic procedures (n = 184), mixed or non-reported mesenteric defects closure techniques (n = 2294), closure of only one mesenteric defect (n = 803), and conversion to open surgery (n = 90), 34,707 patients remained for analysis. Completed quality-of-life forms were collected both at baseline and 2-year follow-up from 9219 patients concerning the OP-scale, and 9190 patients concerning SF-36RAND. Follow-up at day 30 was 98.1% (n = 34,040). The mesenteric defects were closed with nonabsorbable, running sutures in 6149 patients (17.7%), with non-absorbable metal clips in 19,436 patients (56.0%), and left open in 9122 patients (26.3%).
The mean age at the time of surgery was 40.8 ± 11.24 years, mean BMI 42.1 ± 5.27 kg/m 2 , the majority were women (n = 26,284; 75.7%), and 19,067 (54.9%) had a comorbid disease ( Table 1) .
The mean operation time was 70.3 ± 24.53 min in the sutures group, 60.6 ± 20.02 min (p < 0.0001) in the clips group, and 79.9 ± 36.26 min (p < 0.0001) in the non-closure group. A postoperative complication occurred within 30 days after 2632 (7.7%) operations, with 1044 (3.1%) meeting the criteria for serious postoperative complication (Table 2) . A serious postoperative complication occurred in 174 (2.9%) patients with sutures, 592 (3.1%; adjusted OR 1.18, 95% CI 0.98-1.42, p = 0.079) with clips, and 278 (3.1%; adjusted OR 1.05, 95% CI 0.85-1.29, p = 0.658) in the non-closure group (Table 3) .
A total of 2243 patients underwent reoperation for small bowel obstruction (Fig. 1, Table 4 ). In the sutures group, 341 patients were operated for small bowel obstruction within 5 years after surgery (cumulative incidence 6.9%), while 956 were operated for small bowel obstruction in the clips group (cumulative incidence 7.3%, unadjusted HR 1.13, 95% CI 0.99-1.28, p = 0.060; adjusted HR 1.16, 95% CI 1.02-1.32, p = 0.0.026), and 946 in the non-closure group (cumulative incidence 11.2%, unadjusted HR 1.63, 95% CI 1.44-1.84, p < 0.0001; adjusted HR 1.74 95% CI 1.53-1.98, p < 0.0001). Other significant risk factors were female sex (adjusted HR 1.20, 95% CI 1.07-1.34, p = 0.001), while increasing age (adjusted HR 0.98, 95% CI 0.98-0.99/year, p < 0.0001), increased BMI (adjusted HR 0.97, 95%CI 0.96-0.98/BMI-unit, p < 0.0001), hypertension (adjusted HR 0.80, 95% CI 0.71-0.91, p = 0.001), and diabetes (adjusted HR 0.70, 95% CI 0.60-0.83, p < 0.0001) were associated with reduced risk.
In the sutures group, 598 patients underwent an abdominal operation within 5 years (cumulative incidence 12.0%), while 1720 were operated in the clips group (cumulative incidence 12.6%, p = 0.008), and 1489 in the non-closure group (cumulative incidence 17.4%, p < 0.0001).
Quality-of-Life comparison
The OP-score prior to surgery was 62.3 ± 25.40 in the sutures group, 61.5 ± 26.35 in the clips group (p = 0.270), and 60.7 ± 26.74 (p = 0.026) in the non-closure group. Two years after surgery, the OP-score was 18.2 ± 22.63 in the sutures group, 20.6 ± 24.27 (p < 0.0001) in the clips group, and 21.7 ± 24.55 (p < 0.0001) in the non-closure group. The mean improvement in OP-score was lower for clips (mean difference 2.63, 95% CI 1.46-3.81, p < 0.0001; adjusted mean difference 2.32, 95% CI 1.16-3.49, p < 0.0001), and non-closure (mean 
Discussion
Closure of the mesenteric defects using either sutures or clips in antecolic laparoscopic gastric bypass surgery was associated with lower risk for small bowel obstruction compared to non-closure. However, sutures were slightly more effective after adjustment for other potential risk factors. Both groups improved health-related quality-of-life and bodily pain significantly, but slightly less so with clips compared to sutures. Since there is a strong association between bodily pain and chronic abdominal pain, one possible concern may be that the lower tensile strength of clips may result in slightly higher rates of intermittent internal herniation [9, 17] . Although the differences in health-related quality-of-life were negligible from a clinical perspective, all things considered, sutures appears slightly more effective than clips.
The main concern with mesenteric defects closure has been related to safety issues, mainly in terms kinking of the jejunojejunostomy [10, 18] . Several adjustments in technique have been tried in an attempt to reduce this risk, such as an antiobstructive stitch [19] , wide division of the mesentery [20] , and creation of a wide jejunojejunostomy using a double stapling technique [21] . The scientific support for any of these preventive measures, however, remains weak. Closure of the mesenteric defects using metal clips is generally viewed as a potentially easier technique to master, and may also lead to a slight reduction in the duration of surgery. On the other hand, the use of clips increases instrument costs, which may matter in situations where resources are limited [22] . In the present study, both techniques for mesenteric defects closure were found to be safe, with a tendency for a small, but acceptable, increased risk for bowel obstruction during the first 30 days, compared to non-closure. Both methods were associated with lower risk for early small bowel obstruction than that reported previously [10, 18] . Given the scientific evidence available at present, it can be concluded that routine closure of both mesenteric defects in antecolic laparoscopic gastric bypass surgery reduces the risk for internal hernia and small bowel obstruction, and should be a routine part of this procedure [10, 20, [23] [24] [25] . Despite the reduced risk for small bowel obstruction, this complication will continue to occur. At 5 years, the incidence rates of small bowel obstruction were approximately 7% for both clips and sutures, and it is reasonable to assume that this complication will continue to occur after 5 years as well. Besides non-closure of the mesenteric defects, female sex, younger age, lower BMI, and absence of comorbidity were all risk factors for small bowel obstruction. This result lies well in line with previous reports [10] . All of these risk factors are associated with a more rapid weight reduction that may lead to opening of the mesenteric defects, and have been suggested as a potential risk factor for internal herniation [10, 26, 27] . Furthermore, a significant number of women, in particular, those in the younger age-group, experience increased fertility after bariatric surgery [28] . Although pregnancy has not been fully established as a risk factor for small bowel obstruction after laparoscopic gastric bypass surgery, the risk for small bowel obstruction is high during pregnancy in this group of patients [29, 30] . Apart from handling of the mesenteric defects, none of these risk factors are preventable. An increased awareness, however, may aid in the evaluation of patients with abdominal pain after laparoscopic gastric bypass surgery.
The study is not without limitations. First, it was a nonrandomized trial. The technique for mesenteric defects closure may therefore be less well controlled. Furthermore, small differences between the study groups may exist. Technically, suturing is generally considered a more challenging technique than using clips. For this reason, performance of this technique may be biased towards more experienced surgeons. On the other hand, surgeons may have chosen sutures to close more technically challenging defects. Since this was an observational study, we do not have information on intention-to-treat. A randomized clinical trial would be the optimal design to compare clips to sutures, but such a trial would be much larger than what was considered possible at the time when this study was designed. In the present study, data from two reliable nationwide Table 4 Cumulative incidence of reoperation for small bowel obstruction after surgery 1 year 2 years 3 years 4 years 5 years Total number of patients with reoperation for small bowel obstruction at each time with cumulative incidence as estimated by use of the Kaplan-Meier method Fig. 1 Cumulative probability of operation for small bowel obstruction registers complemented by data from hospital charts were used. Despite this, the risk for slight underestimation of the number of reoperations for small bowel obstruction remains. Based on previous reports, it is likely that this would affect the control group to a greater extent and would therefore underestimate the beneficial effect of treatment of mesenteric defects closure to some extent [8] . Many patients in the clip group were censored before postoperative year five due to limited follow-up time, limiting the evaluation of long-term efficacy for this group. There is therefore a risk that higher long-term follow-up may reveal increased difference between clips and sutures with time.
Further studies addressing long-term efficacy of clips are thus still needed.
The clips technique has increased in popularity, and a larger proportion of patients operated in recent years received clips compared to sutures and non-closure. Since duration of surgery falls with increased experience of the surgical team, this factor is likely to affect comparison between groups [3] . We have attempted to compensate for this using adjusted linear regression analysis, but the mean operation time is likely to overestimate the time reduction related to the technique used for mesenteric defects closure. Non-closure of the mesenteric defects was more common in the early stages of the study. Closure of the mesenteric defects became more common later on in the study. Since operation time improves with time and increase in experience, this is probably the explanation for this difference.
Finally, OP-score and bodily pain from the SF-36RAND were used as measures of patient-reported outcome. Missing data on these parameters, both at baseline and after 2 years, limits the interpretation and reliability of these outcome measures. However, it is unlikely that the missing data would cause differential bias between the study groups. Quality-oflife is an important aspect when comparing different methods of treatment and was thus included in this study, although interpretation of the results should be regarded with caution.
Conclusion
Closure of the mesenteric defects using either non-absorbable metal clips or non-absorbable running sutures is a safe and effective measure to reduce the risk for small bowel obstruction. Sutures appear slightly more effective than clips and should be considered gold standard for mesenteric defects closure.
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